ABSTRACT Egg storage longer than 7 d is associated with a delay in hatch time and a decline in hatchability and chick quality. Prestorage incubation is suggested as a method to reduce the negative effects of prolonged storage times by altering the developmental stage of the embryo, but earlier research has shown that prestorage incubation can both be detrimental and beneficial for hatchability. The reason for these ambiguous results is not clear and the effect of prestorage incubation on chick quality is not studied extensively. The objective of this study was to investigate changes in developmental stage of embryos during prestorage incubation and the effect of prestorage incubation on hatchability and chick quality. Two experiments were conducted. In experiment I, eggs were stored for 3, 5, 8, or 12 d. In experiment II, eggs were stored for 5 or 11 d. Half of the eggs was stored immediately at 16 to 18°C and the other half was exposed to prestorage incubation for 6 h in experiment I and for 4.5 h in experiment II. According to the classification table of Eyal-Giladi and Kochav (EG), embryonic development was advanced by prestorage incubation from developmental stage EG11.67 to developmental stage EG13.26 in experiment I (P = 0.02) and from developmental stage EG9.22 to developmental stage EG12.63 in experiment II (P < 0.0001). In experiment I, prestorage incubation reduced hatchability of set eggs from 59.3 to 51.5% when storage time was 12 d but did not reduce hatchability when storage time was 3, 5, or 8 d (interaction P = 0.02). Prestorage incubation increased chick length (P = 0.004). In experiment II, prestorage incubation increased hatchability of fertile eggs from 80.6 to 85.9% when storage time was 11 d but did not increase hatchability when storage time was 5 d (interaction P = 0.0009). Prestorage incubation increased percentage of second grade chicks (P = 0.0007). It seems that storage time, embryonic development at egg collection, and prestorage incubation duration determine the effect of prestorage incubation on hatchability and chick quality.
Eyal-Giladi and Kochav (EG), embryonic development was advanced by prestorage incubation from developmental stage EG11.67 to developmental stage EG13.26 in experiment I (P = 0.02) and from developmental stage EG9.22 to developmental stage EG12.63 in experiment II (P < 0.0001). In experiment I, prestorage incubation reduced hatchability of set eggs from 59.3 to 51.5% when storage time was 12 d but did not reduce hatchability when storage time was 3, 5, or 8 d (interaction P = 0.02). Prestorage incubation increased chick length (P = 0.004). In experiment II, prestorage incubation increased hatchability of fertile eggs from 80.6 to 85.9% when storage time was 11 d but did not increase hatchability when storage time was 5 d (interaction P = 0.0009). Prestorage incubation increased percentage of second grade chicks (P = 0.0007). It seems that storage time, embryonic development at egg collection, and prestorage incubation duration determine the effect of prestorage incubation on hatchability and chick quality.
Influence of prestorage incubation on embryonic development, hatchability, and chick quality INTRODUCTION
Due to variable market demands for day-old chicks in the poultry industry and maximum hatchery capacity, length of egg storage varies between a few days and several weeks. Egg storage longer than 7 d is associated with a delay in hatch time (Mather and Laughlin, 1976) , a decline in hatchability (Becker, 1964; Fasenko et al., 2001b; Tona et al., 2004) , and a decline in chick quality (Tona et al., 2003 (Tona et al., , 2004 . Several authors investigated the effect of prestorage incubation to reduce negative effects of egg storage on hatchability (Becker and Bearse, 1958; Bowling and Howarth, 1981; Proudfoot and Hulan, 1982; Meir and Ar, 1998; Fasenko et al., 2001a,b) . In general, it can be concluded that prestorage incubation has no effect on hatchability when storage time is shorter than 7 d and can both be detrimental and beneficial when storage time is prolonged. The effect of prestorage incubation on chick quality is not studied extensively.
According to Kosin (1956) and Fasenko et al. (2001b) , the effect of prestorage incubation on hatchability when storage time is prolonged depends on the developmental stage of the embryo after prestorage incubation. Fasenko et al. (2001b) hypothesized that embryos advanced to the developmental stage, according to the classification table of Eyal-Giladi and Kochav (1976; EG) , EG12 or EG13 are more resistant for prolonged egg storage than embryos less or further advanced. At these stages, the embryo has completed hypoblast formation, and cell migration and differentiation is mini-mal (Bellairs, 1986) . These embryos, therefore, contain more cells than embryos less advanced and are in a more quiescent stage of development than embryos further advanced, which probably make them more resistant against prolonged egg storage. In embryos less or further advanced, damage caused by prolonged storage times might be irreversible and might cause embryonic mortality. It can be hypothesized that there is an optimal developmental stage or an optimal range of developmental stages of the embryo to maintain embryo viability during prolonged egg storage. The objective of this study was to investigate the effect of prestorage incubation on hatchability and also on chick quality and to investigate whether results of the experiments could be explained by the developmental stage of the embryo at egg collection or after prestorage incubation, or both.
MATERIALS AND METHODS

Experimental Setup
Two experiments were performed. Experiment I was a 4 × 2 factorial design: 4 storage times (3, 5, 8, or 12 d) and 2 prestorage incubation durations (0 or 6 h). Experiment II was a 2 × 2 factorial design: 2 storage times (5 or 11 d) and 2 prestorage incubation durations (0 or 4.5 h). Both experiments were conducted under practical circumstances in a commercial hatchery.
Breeder Flock
For the 2 experiments, eggs from 2 different commercial Cobb broiler breeder flocks were used. At the start of experiment I, breeder flock age was 61 wk, whereas at the start of experiment II, breeder flock age was 28 wk. In both experiments, broiler breeders were housed in 60 cages, with in each cage on average 455 females and 39 males. Hens were restrictedly fed according to the Cobb guideline. Water was available 4 h each day.
Egg Collection, Prestorage Incubation, and Storage
The day before the start of the experiment, the last egg collection was at 1430 h. Lights were out between 1900 and 0400 h. Eggs were collected between 4 and 6 h after lights were switched on. In experiment I, a total of 9,652 eggs were collected at d 3, 5, 8, and 12 before setting. In experiment II, a total of 4,826 eggs were collected at d 5 and 11 before setting.
Egg collection for experiment I was conducted when outside temperature was around 28°C during the day; for experiment II, this was around 18°C. At each collection day, half of the eggs was exposed to prestorage incubation (treated eggs) and half of the eggs was stored immediately in a storage room at the breeder farm (control eggs). Temperature in the storage room was maintained at 16 to 18°C. Relative humidity was not measured and uncontrolled.
During prestorage incubation, internal egg temperature was measured in 3 eggs per collection day. A sensor (NTC Thermistors: type DC 95,Thermometrics, Somerset, UK) was inserted in the egg for 15 mm through a hole of 3 mm in the eggshell at the side of the air cell. Treated eggs were warmed in an incubator to an internal egg temperature of 37.8°C within 1.5 h and this internal egg temperature was maintained for 4.5 h in experiment I (treatment 6 h) and for 3 h in experiment II (treatment 4.5 h). Thereafter, eggs were cooled down in the incubator for 3 h to an internal temperature of 24°C. During prestorage incubation, RH varied between 45 and 50% and carbon dioxide level was constant at 0.02%. After prestorage incubation, eggs used to measure internal egg temperatures were removed from the experiment and all of the other eggs were stored in the same storage room as the control eggs. The duration of prestorage incubation was reduced from 6 h in experiment I to 4.5 h in experiment II because in experiment I, hatchability of fertile eggs was not improved by prestorage incubation.
To calculate weight loss, 64 eggs per treatment group (8 eggs per setter tray) were individually weighed at day of egg collection and the same 64 eggs were weighted at the last day of storage and at d 18 of incubation. Egg weight loss during storage was determined by calculating the difference in egg weight between oviposition and last day of storage as a percentage of egg weight at oviposition; egg weight loss during incubation was determined by calculating the difference in egg weight between the last day of storage and d 18 of incubation as a percentage of egg weight at the last day of storage. Total egg weight loss was the sum of egg weight loss during storage and incubation. In experiment I, 20 control eggs and 20 treated eggs were opened the day after egg collection to examine the stage of embryonic development [according to Eyal-Giladi and Kochav, 1976 (EG) and Hamburger and Hamilton, 1951 (HH) ]. In experiment II, the same examination was done in 10 control and 10 treated eggs. Embryos were isolated from the yolk by using the filter ring technique as described by Gupta and Bakst (1993) . Yolk residue was removed by carefully flushing the embryo with a solution of 1 L of Millipore water (Millipore, Billerica, MA), 9 g of NaCl, 0.42 g of KCl, 0.24 g of CaCl 2 , and 2 g of glucose.
After isolation of the embryo, the developmental stage of the embryo was determined by examining the dorsal and ventral side of the embryo with a stereomicroscope according to the classification table of Eyal-Giladi and Kochav (1976) .
Incubation
Before setting, all eggs were disinfected for 20 min with 7 g/m 3 paraformaldehyde without increasing the temperature. After 20 min of disinfection, the disin-fection room was ventilated with fresh air for 1.5 h to remove the paraformaldehyde residues. Afterward, eggs were set in an incubator (HT-57,600, HatchTech, Veenendaal, the Netherlands). Per treatment group (storage time × prestorage incubation duration), 8 setter trays were completely filled with 150 eggs and were distributed in 2 setter trolleys. Eggshell temperature was maintained at 37.8°C throughout incubation (Lourens et al., 2005) and RH varied between 60 and 80% the first 4 d of incubation and between 35 and 45% afterward. Ventilation of setter and hatcher was controlled to keep the carbon dioxide level below 0.35% by using an inlet and outlet valve. Eggs were turned every hour over 90° until d 18 of incubation.
At d 18 of incubation, eggs were candled and clear eggs were opened to determine macroscopically infertility or stage of embryonic mortality. Eggs containing living embryos were transferred to hatcher baskets and placed in a hatcher 800, HatchTech) . In experiment I, eggs that were weighed during the experiment and contained a living embryo at d 18 of incubation were placed per treatment group in a hatcher basket to measure chick length, chick BW, and navel quality of the hatched chicks at d 21 of incubation. In experiment II, out of every hatcher basket, 8 to 10 chicks were taken at random at d 21 of incubation to measure chick length, chick BW, and navel quality. In total, chick quality was determined of 65 to 81 chicks per treatment group in experiment II. To determine chick length, the chick was laid on its ventral side, with neck and right leg extended to their maximum length. Chick length was defined as the length from the tip of the beak to the implantation of the nail on the third toe (Hill, 2001; Willemsen et al., 2008) . Chick length is dependent on incubation conditions and seems to be correlated with first week mortality and chick performance in later life (Hill, 2001; Molenaar et al., 2008) . Therefore, chick length was used as a parameter to monitor chick quality in these experiments. Navel quality was scored with score 1 when the navel was completely closed and clean, with score 2 when the navel was discolored (color different from skin color) and opened to a maximum of 2 mm, and with score 3 when the navel was discolored and opened for more than 2 mm. All chicks were graded as first and second grade chicks. A chick was classified as a first grade chick when the chick was clean and dry, free of deformities, and eyes were bright (Tona et al., 2004) . The other chicks were classified as second grade chicks. At d 21 of incubation, unhatched eggs were opened to determine stage of embryonic mortality. At d 18 and 21 of incubation, the following stages of embryonic mortality were used to classify the dead embryos: d 1 to 2 (white membrane over the yolk), d 3 (blood ring), d 4 to 9 (black eye visible, embryo without feathers), d 10 to 17 (small embryo with feathers), d 18 to 19 (full grown embryo with yolk out), and d 20 to 21 (full grown embryo dead or alive with yolk subtracted). Fertility was calculated as percentage of set eggs. Hatchability was calculated as percentage of set eggs and as percentage of fertile eggs. Embryonic mortality, cracked eggs, and rotten eggs were calculated as a percentage of fertile eggs. Second grade chicks were calculated as a percentage of total hatched chicks.
Statistical Analysis
Data were analyzed as a 4 × 2 factorial design (experiment I) or a 2 × 2 factorial design (experiment II). Fertility (yes-no), embryonic mortality (yes-no), and hatchability of set and fertile eggs (yes-no) were analyzed using logistic regression analysis (PROC LO-GISTIC, SAS Institute Inc., 2004) with storage time, prestorage incubation, and their interaction as class variables. Nonparametric estimates of the survivor function were calculated (PROC LIFETEST, SAS Institute Inc., 2004) and proportional hazard regression (PROC PHREG, SAS Institute Inc., 2004) was performed to compare the survival of embryos per storage time, prestorage incubation, and their interaction. Egg weight, egg weight loss, chick length, chick BW, and navel quality were analyzed using generalized linear regression (PROC GLM, SAS Institute Inc., 2004) with storage time, prestorage incubation, and their interaction as class variables. Unfertilized eggs and eggs containing dead embryos were excluded from the data when egg weights and egg weight loss were analyzed. Model assumptions were checked by examining the distributions of residuals. Least squares means were compared using Bonferroni adjustment for multiple comparisons. Values are expressed as least squares means ± SEM. Because it was not known which chick hatched from which egg, chick length and chick BW were corrected for the average initial egg weight by creating 2 new variables: chick length/average initial egg weight of the treatment group and chick BW/average initial egg weight of the treatment group. Effect of treatment on developmental stage of the embryos was compared using the Kruskal-Wallis nonparametric test (PROC NPAR1WAY, SAS Institute Inc., 2004).
RESULTS
Experiment I
Egg Weights and Egg Weight Loss. Initial egg weights were not different among the 4 collection days and averaged 70.04 g (P = 0.88). No interaction was found between storage time and prestorage incubation for egg weight loss during storage, incubation, and total egg weight loss (P = 0.48, P = 0.06, and P = 0.08, respectively; Table 1 ). Percentage of egg weight loss during storage increased when storage time increased (P < 0.0001). Storage time did not affect percentage of egg weight loss during incubation (P = 0.13). Total egg weight loss increased when storage time increased (P = 0.001) as a consequence of the difference in egg weight loss during storage. Prestorage incubation increased egg weight loss during storage by 0.18% (P < 0.0001). Prestorage incubation did not affect egg weight loss during incubation and total egg weight loss (P = 0.76 and P = 0.62, respectively).
Embryonic Development. The developmental stage of the control embryos varied from stage EG10 to stage HH3 (Figure 1 ). Twenty percent of the control embryos was further advanced than developmental stage EG13. The developmental stage of the embryo was advanced by prestorage incubation from stage EG11.67 to Least squares means within a column and factor lacking a common superscript differ (P < 0.05). Cumulative percentage of total number of embryos in particular stages of embryonic development in control and treated eggs (experiment I; n = 40). EG = developmental stage of the embryo according to Eyal-Giladi and Kochav (1976) ; HH = developmental stage of the embryo according to Hamburger and Hamilton (1951). stage EG13.26 (P = 0.02). The developmental stage of the treated embryos varied from stage EG10 to stage HH3+. Fifty-eight percent of the treated embryos was further advanced than developmental stage EG13.
Fertility, Embryonic Mortality, and Hatchability. Hatchability of set eggs was 7.8% lower for treated eggs than for control eggs when storage time was 12 d. Within the other storage times, prestorage incubation had no effect on hatchability of set eggs (interaction P = 0.02; Table 2 ). Embryonic mortality between d 1 to 2 of incubation was 2.7% higher in treated eggs than in control eggs when storage time was 12 d. Within the other storage times, prestorage incubation had no effect on embryonic mortality between d 1 to 2 of incubation (interaction P = 0.04). Hatchability of fertile eggs stored for 12 d was lower than hatchability of fertile eggs stored for 3, 5, and 8 d (P = 0.005). Proportional hazard regression also showed that storage for 12 d increased the hazard of embryonic mortality in comparison to 3, 5, and 8 d (P < 0.0001; Figure 2 ). Embryonic mortality between d 18 and 19 of incubation in eggs stored for 12 d was higher than in eggs stored for 3 and 5 d (P = 0.03). Prestorage incubation did not affect hatchability of fertile eggs (P = 0.35).
Chick Quality. No interaction was found between storage time and prestorage incubation for chick length corrected for egg weight, chick BW corrected for egg weight, and navel quality (P = 0.06, P = 0.39, P = 0.94, respectively; Table 3 ) and percentage of second grade chicks (P = 0.68; Table 2 ). Chick length corrected for egg weight was higher for eggs stored for 3 d than for eggs stored for 5, 8, and 12 d (P < 0.0001). Storage time did not affect chick BW corrected for egg weight and navel quality (P = 0.47 and P = 0.70, respectively). Prestorage incubation increased chick length corrected for egg weight with 0.003 cm/g (P = 0.004). Prestorage incubation did not affect chick BW corrected for egg weight and navel quality (P = 0.10 and P = 0.94, respectively). Storage time and prestorage incubation did not affect percentage of second grade chicks (P = 0.08 and P = 0.93, respectively; Table 2 ).
Experiment II
Egg Weights and Egg Weight Loss. Initial egg weights were different between the 2 collection days (P = 0.006; Table 4 ). Prestorage incubation did not affect percentage of egg weight loss during storage when storage time was 5 d but increased egg weight loss by 0.16% when storage time was 11 d (interaction P = 0.02). No interaction was found between storage time and prestorage incubation for egg weight loss during incubation and total egg weight loss (P = 0.11 and P = 0.09, respectively). Storage time did not affect percentage of egg weight loss during incubation (P = 0.80). Total egg weight loss increased when storage time increased (P = 0.0003) as a consequence of the difference in egg weight loss during storage. Prestorage incubation did not affect egg weight loss during incubation and total egg weight loss (P = 0.75 and P = 0.83, respectively).
Embryonic Development. The developmental stage of the control embryos varied from stage EG8 to stage EG10 (Figure 3) . Seventy-five percent of the control embryos were in a pregastrula stage of development (<EG10). The developmental stage of the embryos was advanced by prestorage incubation from stage EG9.22 to stage EG12.63 (P < 0.001). The developmental stage of the treated embryos varied from stage EG11 to stage HH3+. Forty percent of the treated embryos were further advanced than developmental stage EG13.
Fertility, Embryonic Mortality, and Hatchability. Hatchability of set and fertile eggs was 5.4 and 5.3% higher, respectively, for treated eggs than for control eggs when storage time was 11 d. Within eggs stored for 5 d, prestorage incubation had no effect on hatchability of set and fertile eggs. (interaction P = 0.001 and P = 0.0009, respectively; Table 5 ). Difference in hatchability when storage time was 11 d was caused by a higher percentage (3.1%) of embryonic mortality during the first 2 d of incubation in the control group compared with the treated group (interaction P = 0.03). Proportional hazard regression also showed this interaction between storage time and prestorage incubation for the hazard of embryonic mortality during incubation (P = 0.0005; Figure 4 ). Storage time did not affect embryonic mortality after d 9 of incubation. Prestorage incubation increased embryonic mortality between d 18 and 19 of incubation by 1.7% (P = 0.003).
Chick Quality. Chick length corrected for egg weight of the control and treated group was not different when storage time was 11 d, whereas it was 0.006 cm/g higher for the control group than for the treated group when storage time was 5 d (interaction P = 0.02; Table 6 ). Chick BW corrected for egg weight of the control and treated group was not different when storage time was 5 d, whereas it was 0.026 g/g higher for the control group than for the treated group when storage time was 11 d (interaction P = 0.03). No interaction was found between storage time and prestorage incubation for navel quality (P = 0.23). Storage time did not affect percentage of second grade chicks (P = 0.99; Table 5 ). Storage time reduced navel quality (P = 0.03; Table  6 ). Prestorage incubation increased the percentage of second grade chicks from 1.0 to 2.4% (P = 0.01; Table  5 ). Prestorage incubation did not affect navel quality (P = 0.28).
DISCUSSION
It was shown in the current study that prestorage incubation can have a negative as well as a positive effect on hatchability and chick quality. Both negative and positive effects of prestorage incubation on hatchability were mainly caused by an increase or decrease in embryonic mortality during the first 2 d of incubation. This suggests that prestorage incubation affects embryo viability and therefore survival rate of the embryo during Means within a column and factor or one storage time lacking a common superscript differ (P < 0.05).
1
Number of cracked or rotten eggs, or both, divided by the number of fertile eggs.
2
Number of second grade chicks divided by total number of hatched chicks.
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early incubation. Fasenko et al. (2001b) hypothesized that the optimal stage of embryonic development to resist prolonged egg storage might be between developmental stages EG12 and EG13. Embryos in these stages of development already formed the hypoblast and are in a quiescent developmental stage; however, embryos less developed are less differentiated and contain less cells, and embryos further developed are in a more active stage of development. It can be hypothesized that embryos less or further advanced than developmental Least squares means within a column and factor lacking a common superscript differ (P < 0.05). 1 The values for chick length and chick BW are least squares means but are not analyzed for significant differences because the values have to be corrected for initial egg weight.
2 Mean of navel score 1 to 3.
stages EG12 and EG13 are more sensitive for prolonged egg storage. When this hypothesis is right, prestorage incubation can also be too long. Although in both experiments of this study a relative high percentage of embryos were further developed than developmental stage EG13 after prestorage incubation, both a positive and negative effect of prestorage incubation on hatchability was found. In experiment I, 58% of the embryos were further developed than developmental stage EG13 after prestorage incubation of 6 h. In experiment II, 40% of the embryos were further developed than developmental stage EG13 after prestorage incubation of 4.5 h. Consequently, the difference in the effect of prestorage incubation on hatchability between the 2 experiments might not be explained by the percentage of embryos that were further developed than developmental stage EG13. More reasonable, the difference in the effect of prestorage incubation on hatchability might be explained by the difference in the developmental stage of embryos at egg collection (the control embryos in this study). In experiment II, 75% of the control embryos were in a pregastrula stage of development (<EG10); however, in experiment I, all embryos were in the gastrula stage of development (EG10) Least squares means within a column and factor lacking a common superscript differ (P < 0.05). or even further advanced. It can be hypothesized that prestorage incubation is most beneficial when embryos are in a pregastrula stage of development (<EG10) at egg collection, which was also stated by Meir and Ar (1998) . It is reported that the developmental stage of the embryo at oviposition is related to hatchability (Hays and Nicolaides, 1934; Coleman and Siegel, 1966; Kosin and Arora, 1966; Steinke, 1972) . Steinke (1972) showed that embryos in a pregastrula stage of development at oviposition (<EG10) were common in eggs of hens with hatchability lower than 55%, whereas eggs of hens with moderate and very good hatchability contained embryos at an advanced gastrula stage of development (>EG10). The developmental stage of the embryo at the start of prestorage incubation was different between the 2 current experiments. Control embryos of experiment I probably did not need prestorage incubation because average developmental stage of the embryos was already around developmental stage EG12; however, control embryos of experiment II probably needed prestorage incubation to bring them in a gastrula stage instead of a pregastrula stage of development.
One of the factors that could have influenced the developmental stage of the embryo at egg collection in this study is the breeder flock age (61 and 28 wk for experiment I and II, respectively). When a breeder flock becomes older, sequence length decreases and consequently number of first eggs in a sequence increases (Fasenko et al., 1992) . Embryos in first egg of a sequence are often further developed than embryos in subsequent eggs (Fasenko et al., 1992) . Another factor that might affect the difference in average developmental stage and also the variation in the developmental stage of the embryo at egg collection is environmental temperature (Fasenko et al., 1999) . Experiment I was conducted when outside temperature was around 28°C during the day, whereas in experiment II, outside temperature was around 18°C. The outside temperature of 28°C increased the temperature in the breeder house above which the embryo starts development (20 or 21°C; Edwards, 1902) . Fasenko et al. (1999) also found that embryos of eggs that stayed longer (3.5 to 6.5 h) in the nests at an environmental temperature of 28°C were more developed than eggs collected just after oviposition (stage EG11.67 and EG10.38, respectively). Both breeder flock age and environmental temperature might have affected average developmental stage and variation in the developmental stage of the embryo at egg collection in the current experiments and therefore affected the results of prestorage incubation.
Egg weight loss most likely did not affect results of prestorage incubation in this study because in experiment I and II, no interaction was found between storage time and prestorage incubation for total weight loss during storage and incubation. Although the results of prestorage incubation were different between the 2 experiments in this study, in both experiments, the treat- Means within a column and factor or one storage time lacking a common superscript differ (P < 0.05).
1
Number of cracked eggs divided by the number of fertile eggs.
2
PRESTORAGE INCUBATION, HATCHABILITY, AND CHICK QUALITY ment group with the longest storage time and prestorage incubation had numerically the highest weight loss. Although in experiment II hatchability of prolonged stored eggs was improved after prestorage incubation, hatchability was still lower than hatchability of shortstored eggs. It can be hypothesized, therefore, that prestorage incubation is not able to compensate fully for the negative effect of prolonged egg storage. Changes in egg components like the increase in albumen pH (Lapão et al., 1999) , the reduction in albumen height (Shenstone, 1968; Burley and Vadehra, 1989) , and the reduction in the strength of the vitelline membrane (Fromm, 1966 ) that occur during storage are not pre- Least squares means within a column and factor lacking a common superscript differ (P < 0.05). 1 The values for chick length and chick BW are least squares means but are not analyzed for significant differences because the values have to be corrected for initial egg weight.
vented by prestorage incubation. Changes in internal egg quality during storage might have consequences for the protection of the embryo against microorganisms and for the availability of nutrients for the embryo during incubation and therefore might affect hatchability as well as chick quality. In experiment I, prestorage incubation increased chick quality in terms of chick length independent of storage time. It is possible that this difference in chick length between the control and treated group is caused by a difference in hatch time.
In this study, hatch time was not taken into account and chick quality variables were all measured at the same time. Chicks that hatch first are normally longer than chicks that hatch late (Willemsen et al., 2008) . Prestorage incubation increased embryonic development and therefore chicks of the prestorage incubation group probably hatched earlier than chicks of the control group. This might explain why chick length of the treated group was higher at the moment of measurement than chick length of the control group. In experiment II, prestorage incubation decreased chick quality in terms of the percentage of second grade chicks independent of storage time, which cannot be caused by a difference in hatch time. In experiment II, prestorage incubation also negatively affected embryonic mortality during d 18 and 19 of incubation independent of storage time. The physiology behind these negative effects of prestorage incubation is unknown. Between the 2 experiments, there was a numerical difference in chick length and chick BW. This numerical difference is caused by breeder flock age. In experiment I, breeder flock age was 61 wk; however, in experiment II, breeder flock age was 28 wk. Breeder flock age affects egg weight and therefore also chick length (Hill, 2001 ) and chick BW (Tona et al., 2004; Willemsen et al., 2008) . This study showed that the effect of prestorage incubation on hatchability depends on storage time and that the effect of prestorage incubation on hatchability can be positive or negative. It was also shown that prestorage incubation can be positive or negative for chick quality independent of storage time. In this study, the developmental stage of the embryo was used to investigate what happened with the embryos during prestorage incubation and to investigate whether the stage of embryonic development at egg collection or after prestorage incubation, or both, could explain the results. It seems that prestorage incubation has a positive effect on hatchability after a prolonged storage time when embryos are in a pregastrula stage of development at egg collection instead of a more advanced stage of development. Factors such as breeder flock age and environmental temperatures influence the developmental stage of the embryo at egg collection (Fasenko et al., 1992 (Fasenko et al., , 1999 and therefore influence the results of prestorage incubation. Because different factors affect the developmental stage of the embryo at egg collection and small changes in prestorage incubation duration have a high effect on the results, prestorage incubation should be used with care. When prestorage incubation has a positive effect on hatchability, the effect on chick quality can still be negative. The reason for this is not clear yet and therefore more research is needed to clarify the physiology behind prestorage incubation.
